This study aims to determine the sheep' physiological response as a result of shearing by evaluating heat tolerance coefficient. The observed measurements of heat tolerance coefficient were rectal temperature and respiratory rate. The results of this experimental method showed that the average rectal temperature of all Garut sheep groups ranged from 38.6 ℃-39.0 ℃, while the average respiratory rate of both sheep groups was 35.1 breaths per minute to 45.1 breaths per minute. Most of the Garut sheep groups during the study have 2.5 to 3.0 heat tolerance coefficient in which the recommended normal animal heat tolerance coefficient is 2. To sum up, the observed heat tolerance of the Garut sheep in both treatments is above the recommended value. Furthermore, there was a significantly lower difference in heat tolerance coefficient in shear-shaved sheep (2.5) compared to the unshaven ones (3).
INTRODUCTION
Sheep are essential small ruminant resources in the tropics where they play a major role in sustaining poor family livelihood, especially in rural areas (Prabhu et al., 2009; Okoruwa, 2014; Berihulay et al., 2019) . Sheep are less prone to hot environments than other ruminant animals (Bakheit et al., 2017) . The key adaptations of these small ruminants in responding to heat-stressed environments are their behavior, morphology, physiological base, and genetics (Nejad et al., 2017) .
Understanding the suitable physical environment for sheep farming is indispensable. This is because the environment physical conditions will affect the sheep physiological response. The physiological response to environmental stress during the dry and rainy season with the sheep energy balance shows that seasonal heat and cold stress have a profound effect on their living body weight, thermoregulation, and physiological parameters (Okoruwa, 2014) . Some research have shown that the best thermophysiological parameters that objectively indicate animal condition in hot environments are rectal temperature and respiratory rate (Helal et al., 2010; Sanusi et al., 2010) . For that reason, the sheep ability to maintain their heat adaptation capacity for harsh environments needs to be further studied.
The important physical environmental conditions factors affecting physiological responses are air temperature, humidity, solar radiation, and wind (Sreedhar and Sreenivas, 2015) . To illustrate, sheep will heat their body by burning food substances in their blood at low environmental temperatures. On the contrary, the sheep reduce their body temperature through their skin and respiratory at high temperatures. The variability of the environment condition causes a problem for sheep because the sheep's body has sufficiently thick fur which will inhibit the removal of their body heat (Dawood, 2017) .
Left unchecked, this condition will affect the sheep physiological condition as homeotherm animals. Therefore, it is necessary for sheep breeders to find a solution in order that the sheep do not experience environmental stress. One way to overcome this problem is commonly by sheep shearing or shaving. The hair removal process is carried out by sheep farmers to maintain the sheep hygiene as well as to facilitate their heat dissipation, especially for areas that have hot temperatures (Venereo and Hermosillo, 2014) . Shaving in the themoneutral zone border area will decrease the critical temperature and generate a number of adaptive responses needed to maintain homeostasis (Aleksiev, 2008) .
The physiological conditions indicating heat tolerance are, among others, respiratory rate and rectal temperature (Benezra, 1954) . All of these indicators are in the context of the homeostasis process because homeotherm animals require a certain amount of heat obtained from their environment and the homeostasis process to stabilize their body by maintaining a constant concentration of substances in their body, pH, body temperature, and respiratory rate to even out the heat stability of their vital organs. Likewise, the sheep that experience heat stress will be conspicuous by increased respiratory rate and body temperature, followed by a decrease in their productivity. Body temperature and respiratory rate are basic parameters used to predict heat tolerance in livestock (Benezra, 1954) . By looking at these heat tolerance indicators, farmers can determine whether the animals are comfortable or in other words whether they are suitable to be kept in that area.
MATERIALS AND METHODS
The method used in this study is an experimental research wherein the experiment involving two groups; one group functioned as a comparison for other groups. The research design was a statistical comparison design. The research subjects were 32 Garut sheep divided into two groups; control group (unshaven Garut Sheep) and the experimental group (shaven Garut Sheep) consisting of 16 subjects respectively.
The study was divided into two stages. The preliminary stage was carried out for one week and the data collection was done for 4 weeks. Sheep shearing or shaving was done once during the study in the second week.
The variables observed were rectal temperature (℃) and respiration rate (breaths/minutes). The respiratory rate and body temperature as parameters for calculating Heat Tolerance used the Benezra formula (Benezra, 1954) :
The data on comparison of shaven and unshaven sheep were analyzed using SPSS 16.0 for Windows.
RESULTS
Based on the analysis, the result of the sheep physiological response observation is presented in the following table.
Tab. I indicates the average value of the rectal temperature of shaven Garut sheep (38.6 ℃) is lower than that of unshaven Garut sheep (39.0 ℃). That confirms that shaving is effective in reducing the sheep body temperature. For the means of the sheep respiratory rate, sheep sheared group (35.1 breaths per minute) is lower than that of unshaven sheep group (45.1 times/minute). This means that shaving is effective in reducing the sheep respiratory rate.
Furthermore, based on the Heat Tolerance data in Tab. I, the heat tolerance value of shaved Garut sheep is 2.5 which is lower than that of unshaven Garut sheep. To ensure that the differences are significant between the two treatments, statistical test was also implemented.
What follows is the table displaying the statistical analysis result of heat tolerance differences
Tab. II illustrates that the average of heat tolerance of Garut sheep with shaving (2.5) is lower than that of Garut sheep without shaving (3.0). This proves that shaving is effective in increasing the heat tolerance of Garut sheep. The same conclusion was obtained from the test results wherein the value of Asymp. Sig. (2-tailed) <½ α (5%). This lead to the conclusion that there is a significant difference in the heat tolerance of Garut sheep. The shaving treatment has resulted in better heat tolerance than the other treatment. 
I: Parameter observation on Garut Sheep

DISCUSSION
The Thermoneutral Zone (TNZ) is an area that matches the ambient temperature that is suitable for livestock. The thermoneutral zone for livestock is the range of air temperature that is most suitable for its life where basal metabolism occurs and only sensible heat regulation occurs with the least amount of energy. The air temperature range does not cause an increase or decrease in body function. Increasing or decreasing the ambient temperature to a comfortable temperature will result in increased heat production in an effort to remove excess heat or maintain body heat.
The optimal temperature and humidity for sheep is erratic in Indonesia because the average daily temperature in Indonesia is 29 ℃ in the rainy season and 30-32 ℃ in the dry season. Therefore, in this high temperature and humidity environment, sheep will try to reduce their body temperature through their skin and breathing. Less comfortable environment due to high temperatures and humidity also causes sheep to reduce their food consumption yet increase their water drinking consumption (Berihulay et al., 2019) .
Rectal temperature, skin surface temperature, and body temperature increase with increasing environmental temperature. Rectal temperature is one of the good indicators to describe the of the animal's body temperature (Edey, 1983) . Rectal temperature varies slightly in physical conditions and in extreme ambient temperatures. The rate of heat formation in the body is higher than the rate of heat loss in the body so that body temperature will increase. However, sheep rectal temperature is influenced by variable environment, nutrition and physical activity (Stonier et al., 1984) .
In this study, the average body temperature of all sheep ranged from 38.6 ℃-39.0 ℃ which falls into normal category. Nonetheless, the body temperature of sheep given a shaving treatment was lower than that of the sheep without shaving treatment. This condition implies that the shaving process in sheep can reduce heat load.
The average respiratory rate of sheep in both treatments during the study was 35.1 breaths per minute to 45.1 breaths per minute. The respiratory rate that occurred in both research treatments was higher than the recommended rate by Frandson (1992) . This condition is assumed due to the fact that the external environment temperature is not comfortable for the sheep so that they must perform a homeostatic process to balance their body heat, one of which is by increasing their respiratory process. The respiratory mechanism is controlled in the medulla which is sensitive to CO 2 in blood pressure, and if the pressure slightly increases, breathing becomes deeper and faster. An increase in respiratory rate occurs when oxygen demand increases; that is, after exposure to ambient temperature and relatively high humidity.
The results from respiratory observation showed that there were smaller differences in the respiratory rate of shaved sheep (35.1 breaths per minute) compared to unshaven sheep (45.1 breaths per minute). This is closely related to the results of research on body temperature. Shaving in sheep results in a decrease in body temperature after being exposed to ambient temperature. A decrease in body temperature will be accompanied by a decrease in respiratory rate. This finding is in accordance with Puneet et al. (1993) , Karim and Patnayak (1998) , Bhatta et al. (2005) and Singh et al. (2009) . Sun exposure from sheep shows greater breathing pressure indicating better heat tolerance. Higher respiratory rate during the afternoon hours may be caused by many stress factors such as increased temperature environment, dry material consumption, solar radiation and physical activity throughout the day.
Respiratory rate and rectal temperature are easy parameters to calculate the amount of heat tolerance in each individual animal. Respiratory rate increases when rectal temperature increases so that heat tolerance will also increase. Rectal temperature will return to normal if the heat released by breathing is balanced and will be followed by a decrease in respiratory rate and heat tolerance. The animal response to environmental conditions varies depending on the conditions. Although the two research treatments resulted in a greater heat tolerance than the normal heat tolerance, which was equal to 2 (Benezra, 1954) , the results of observations on the experimental sheep were significantly lower than the control sheep. This means that the heat tolerance of shaved sheep is better than those without shaving.
One of the causes of high and low heat tolerance coefficient is the respiratory rate. High respiratory rate is an effort to stabilize the body temperature to stay in the range of 37-39 ℃ so that the physiological process runs normally. Sheep shearing causes a decrease in body temperature after being exposed to the temperature of the environment, which in turn will be accompanied by a decrease in respiratory rate.
In addition, the high value of heat tolerance during the research is due to the increase in temperature in the tropics, especially in Indonesia which has a striking temperature variation between the morning and daytime temperatures. Indonesia is located a wet tropical climate characterized by high temperatures and humidity with a minimum temperature of 22 ℃ and a maximum temperature of 32 ℃ with a relative humidity greater than 70%. The high temperature and humidity cause the animals to be exposed to heat stress.
